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The inveniion is a template (12) (o aid in the regeneration of anicuUr cartilage. Tbe template ( 12) is formed by combining a porous 
collagen sponge ("collagen matrix'^ (13) with a dense collagen membrane (14). The deme collagen membrane (14) is placed 00 the surface 
of die canilage defea to picvent cell migration from the subchondral plate (9) and vasculanire. The collagen membrane (14) will allowr 
movement and exchange of fluids, nutrients, cytokines and odter facton necessary for canilage regeneration. The coUageo raaoia ( 13) has 
been developed to allow snachment and gmwdi of cdls« specifically chondrocytes (6) which are oonnaily found in articular canilate. The 
collagen matrix (13) on be combined widi chond r ocyt es in vitro, and therefore serve » transpoR cuhind cells to the defieci site and to 
retain (he celb in poaidon following tmplanmdon. Proceduies are described to effeeiiveiy use Uie iwo-siages template (12X and to fix the 
• template to the repair site. 
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MULTI-STAGE COLLAGEN-BASED TEMPLATE OR IMPLANT 
FOR USE IN THE REPAIR OF CAHTlLftGE LESIONS 

SPECIPCATIQN 

TNs invention is within the technical fiekb of surgery, medicine, tissue 
engineering, biology, txomaterials, polymers, and biochemistry. It is both a product 
and a rrathod of use for the repair of cartilage lesions, with and without the use of 
chondrocytes cultured in vivo. 

BACKGROUND OF THE INVENTION 

It has been well documented that injured articular carbiage has only a 
fimrted abifity for self-repair. As articular cartBage is relatively avascular and aneural, 
loss of the surface tissue will result in a permanently scan^ site. Usions which 
fracture the subcfiondral txsne which has a greater vascular supply will undergo an 
Inflammation/repair response, with the damaged site filling with fibrocartaage tissue 
(Convery. ef a/. 1 972). In either case, function is impaired and chronic pain is the usual 
prognosis as the triochemical and biomechanical characteristics of tiie cartOage have 
been altered. Current treatmerrt protocols call for surgical intervention (such as 
abrasion arthroplasty, excision and drilling, articular cartilage debridement and 
arthroscopic shaving) and will most often lead again to inadequate repair. Long-term 
morbidity such as degeneration to arthritic conditions will often result in patients with 
chronic cartilage problems. 

Nevertheless, articular cartilage theoretically does have some intrinsic 
ability to heal after injury. For example, chondrocytes are capable of replication when 
isolated enzymatically from the cartilage matrix (Grande, ef a/.. 1989). It has been 
suggested that cartilage repair can be biittated by either repfication of chondrocytes 
in the regions adjacent to the defect, or by metaplasia of chondrocytes from ottier 
connective tissue stem cells wiOiin the joint capsule, such as from the synovium and 
subchondral bone (Sokoloff. 1978). Given this possibility, investigations of autograft 
or allograft tissue and tissue analogues to heal cartilage lesions has progressed. 

Techniques were developed to utSize autologous tissue, such as 
transplantation of: 1) osteochondral graft (DePalma, et al,. 1963); 2) chondrocytes 
(Grande, era/., 1989): 3) periosteum (Homminga, ef a/., 1990); and 4) demineralized 
bone (Dahlberg and Kreicbergs. 1991). These techniques have been used to 
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transplant whole or partial joints, with mixed results. For example, a numt»ef of 
investigators attempted to heal cartiJage defects using chondrocytes isolated from 
epiphyseal plates, as weB as articular cells, with the hypothesis that these cells would 
have a greater chance of success due to their heightened metabolism (Itay. ef «/., 
1987). Clinical studies using cultured cells reported excellent results, showing a 
significant decrease in pain and restoration of normal function after two to four years 
post-op (Uoika. ef «/.. 1990: llomminga. ef a/., 1990). 

Other investigations have used a combination of materials and 
autologous tissue to effectively repair cartilage defects, such as: 1) demineralized bone 
with perichondrium (Bfllings. et a/.. 1990); 2) polylactic add matrices and periosteal 
grafts (von Schrt)eder. 9t a/., 1991); and 3) bsoresortMble meshes and chondrocytes 
(Freed, ef a/.. 1 993). Although these approaches gave repair tissue that more dosely 
resembled nomial cartilage than either the unfiled sites, or the sites filed with 
materials alone, it was evident that there was again a substantial amount of 
fibrocartilage formation. 

In UJS. Patents Nos. 4.505.266 and 4.458.678. Yannas et ai. states in 
column 1 1 that various types of fibrous lattices may be suitsdble for use as temporary 
prosthetic devices within nwst regions of the body, including skin. Wood vessels, 
bones, connective tissue, contractile tissue and organs. Such lattices provide a 
stnictural system in which virtually any type of cell may grow, migrate and proliferale. 
They can be surgically emplaced witNn virtually any region of the body, and if property 
seeded with the appropriate type(s) of cells, may allow for the regeneration of new 
tissue. For example, if a patient suffers damage to or disease of an organ, a portion 
of the organ may need to be removed. A fibrous lattice may be emplaced in the 
location created by removal of part of the organ. H a suflident number of healthy cells 
from another part of that organ, or from a compatible donor, is seeded into the lattice 
by the methods of this invention, it may be possible to greatly promote the recovery 
and regeneration of the organ.* 

U.S. Patent No. 4.846,835 disdoses that chondrocytes that are grown 
in a three-dimensional collagen matrix can enhance the healing of articular cartilage 
lesions that do not fracture the subchondral plate. 
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In experiments in rabbits that followed the teachings of Yannas and 
Grande, cuttured chondrocytes were seeded into a three-dimenstonal coHagen matrix 
and the seeded matrix was implanted into a surgically-created articular cartilage lesion. 
Surprisingly, in view of those teachings, it was found that in addtion to the presence 
of the desired hyaDne4ike cartildge, a substantial amount of undesirable fibro-cartilage 
was formed, apparently by fibrot>lasts that migrated into the matrix from the 
subchondral plate. Thus, these experiments indicate that neither Yannas nor Grande 
teach a method of fbmiing a high quaTity hyafine-iike cartilage suitable for repair of 
defects in articular cartilage because they do not provide a means to select against 
undesirable types of cells that can infStrate the matrix from ^irrounding tissue, in the 
present invention, we have discovered a novel way to dire^ the growth of the desired 
hyaline-Ike cartilage, thus avoiding the cfifficulties of the prior art 

QBJgCTS OF THE INVENTION 

Accordingly, it is a general object of this invention to provide a muiti- 
staged collagen implant to repair cartilage lesions which overcomes the disadvantages 
of the prior ait 

It is a further object of this invention to provide a multi-staged collagen 
implant to repair cartilage lesions which Is effective and safe. 

It is anotiier object of tiiis Invention to provide a multi-staged collagen 
implant to repair cartilage lesions which is resortsatsle. 

SUMMARY OF THE INVENTION 

Defects in articular cartilage can be healed by utilizing a regeneration 
template formed by combining a porous collagen sponge Tcollagen matrix!) with a 
dense collagen membrane. The dense collagen membrane is made witti a pore »ze 
of less than 1 um (micrometer), and is cross-linked with a non-cytotO)dc agent to 
increase strengtii and lengtiien resorption time. Because of this dense collagen 
membrane, the invention can be used in full-thickness defects, including those which 
traverse the subchondral plate. The dense collagen membrane is placed on the 
surface of the cartilage defect to prevent cell migration from the subchondral plate and 
vasculature. The collagen membrane will allow movement and exchange of fluids, 
nutrients, cytokines and otiier factors necessary for cartilage regeneration. The 
collagen matrix is placed on top of the dense collagen membrane. The collagen matrix 



has a pore sizo of between 50-aX) micrometers and allows the attachment of cells, 
spedfically. chondrocytes. 

PgSCRIPTlON OF THE DRAWINGS 
Other objects and many attendant features of this invention wiU become 
readily appreciated as the same becomee better understood by reference to the 
MIowing detailed description when considered \n connection with the accompanying 

drawings wherein: 

Figure 1 shows the anatomy of nomnal cartilage and a defect or wound 

site 4 In which the following reference characters appear 

1 representing the articular surface, 2 hyaline cartilage 3 canceltous bone 
and marrow. 4 defect, 5 extracellular matrix. 6 chondrocytes, 7 tidemark, 8 calcified 
cartilage and 9 the subchondral plate. 

Figure 2 shows an anchor 11 with attached suture lines 10 embedded 
Into the bone 3 at the delect site 4. 

Figure 3 shows the positioning of the collagen template 12 with the 
porous collagen matrix 13 and the dense cdlagen membrane 14 in threading the 
anchored sutures 10 through the template 12. 

Figure 4 shows the positioning of a top protective layer 15 in securing 
this layer 15 and template 12 with anc^KxIng sutures 10. 

PgSCRiFnON OF THE PREF gRRED EMBODIMENTS 

Defects in articular cartilage can be healed by utilizing a template 12 
fomied by combining a porous collagen sponge Ccollagen matrix^ 13 with a dense 
collagen membrane 14. 

The dense collagen membrane 14 is made with a pore size of less than 
one micrometer and is cross-linked with a non-cytotoxic agent to inaease strength 
and lengthen resorption time. Becauss of this dense collagen membrane 14. the 
template 1 2 can be used in fuU-thickness defects 4. including those which traverse the 
subchondral plate 9. The dense collagen membrane 14 is placed on the surface of the 
cartilage defect 4 to prevent cell migration from the subchondral plate 9 and 
vasculature. The collagen membrane 14 will allow movement and exchange of fluids, 
nutrients, cytokines and other factors necessary for cartilage regeneration. 
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A coOagen template 12 has been developed to allow attachment and 
grovirth of cells, particularty chondrocytes 6. In vhro studies have been used to 
determine the optimal pore sto of the porous colagen malrfae 13 component of the 

template 1 2. The coBageh matrix 1 3 can be used to immobilize chondrocytes 6 in 
and support subsequent coll growth. The cell number can then be BJ^anded /n vftro. 
aid the coUagen matrix 1 3 can be used transport the cells to the repair silB 4 and to 

retain the ceDs in position following implanlattoa 

The collagen matrix component 13 of ttie template 12 has been 
developed to aBow attachrnert and growth of cells, particularly chondrocytes 6. to 
studies have been used to detennine the optimal pore size of the porous colagen 
matrix component 13 of the templatB ia The collagen matrix 13 can be used to 
immobilize chondrocytes 6 fti v«ro and support subsequent ceH growth. The ceH 
number can then be expanded Ai v«fO. and the colagen matrix can be used to 
transport the cells to the reprfr site and retani the cells in position foHowmg 
implantation. 

Previous studies have shown that the coOagen matrix 13 pore size can 
be controlled by varying the dispersion pH. colagen concentration and the 
lyophHization cyde (freezing time, temperature range, and cyde time (Dillion et al. 
1986)). See also U.S. Patent No. 4.522.75a The collagen matrices have also been 
characterized according to tfieir penneability to globular macromolecutes. For 
example, it was found that a pore structure of approximately 15 micrometers would 
exclude molecules greater than 10" daltons; a dense collagen membrane had a 
molecular weight exclusion of 7 x 10* daltons (U. 1987). Chondrocytes were grown on 
type I coBagen matrices of varied pore structure in order to determine the effect of tiie 
average matrix pore size on cellular growth rate. It was found ttiat tiie pore structure 
did not affect the rate of cell growttn after 12 days. However, chondrocyte infiltration 
was greater for average pore sizes greater than 100 micrometers. A parallel study 
using fibroblasts showed similar cell growth results. It is important to note that the 
growtti rate of fibroblasts on ttie dense collagen membrane was approximately the 
same as a porous matrix, but ttiat migration of cells through the membrane was 
exduded (Pachence et al.. 1991). 
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The dense ooDagen membrane 14 can be attached to the collagen matrix 
13 prior to cell culture or prior to Implantatioa using: 1) bioresortiable sutures; or 2) 
a fusing technique, requiring that the dense collagen membrane 14 be incorporated 
into the ccrilagen matrix 1 3 during fmration. 

It has been shown through a series dlinviw studies that the template 
1 2 with and without the adcfition of chondrocytes 6 promotes the heaBng of surgically 
induced fuO thickness defects in a rabbit model of cartilage damage. The chondrocyte* 
seeded templates have been proven, through the use of histobgic biochemical, and 
mechanical analyses of retrieved implant-tissue sites, to result in repab^ tissue which 
appears to t^e fiyaline cartilage. 

As shown in Figures 1-3^ the orientation of the template 12 in the 
cartilage defect 4 is fundamental to achieve a successful resutt. Ihe dense layer 14 
is placed "downward" into the defect 4, contacting bone 3^ and the porous layer 13 
lies in the plane of the natunal cartilage. The dense layer 14 has been shown 
experimentally to inhibit the fonnation of fibrocartilage. The thicknesses of the 
components of the template 12 can vary depending upon the circumstances of use. 
For example, the thickness of the dense collagen mombr»ie may be in the range of 
50 to 200 micrometers or more and the thickness of the porous collagen matrix may 
t>e in the range of 0.5 to 8 millimeters or more. 

Methods of surgical fixation for a cartilage repair material 12 are 
important, as movement of the joint can dislodge the implant prior to healing. For the 
present invention, an attachment method is used to hold the coBagen matrix 13 and 
dense collagen membrane 14 into place. The method consists of anchoring sutures 
10 through the subchondral plate 9 into bony tissue 3. with at least two lines 10 
emerging from the surface. The anchored suture lines 10 are tften pulled through the 
collagen implant 12 at its four quadrants, and is thus used to secure the cartilage 
repair material 12 into the wound site 4. In some instances, as shown in Figure 4. a 
piece of autologous periosteum 15 is placed over the top of the collagen matrix 13, 
and is also secured by the anchored suture lines 10. 
EXAMPLE 1: Preparation and Characteristics of the Porous Matrix 

A collagen matrix is formed, using standard methods as described in 
U.S. Patent No. 5,206.028, the entire disclosure of which is incorporated by reference 
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herein. The matrix has an average pore stnjcture of between 50 to 200 mtarometers, 
preferably 150 micrometers. Type I collagen Is dispersed In a 0.5% lactic add solution, 
with a final collagen concentration of 0.7% by weight The collagen dispersion is forced 
through a 100 me^ size stainless steel fitter, then poured onto stainless steel trays 
to a thickness of about 4 mm. The dispersion is frozen for two hours at -35^ before 
a vacuum is appied. The frozen dispersion is then lyophffized under a 100 micron 
vacuum for 48 hours, with the temperature inaeasing to 2£fXi. The shelf temperature 
is subsequently raised to 2S*C for an additional 24 hours to complete the cyde. The 
collagen matrix is aoss-linked using a non-cytotoxic agent or physical method 
prevtously described (Weadock, et al. 1983). For example, the collagen matrix can be 
sutqected to a vaporized fomtakiehyde (5% soiutton). Cross-Unking by this method 
allows the implant to stay intact for four to eight weeks. 
pCAMPLE 2: Preparation a nd Characteristics of the Dense CoBaoen Metobrane 

A dense collagen membrane is prepared according to the procedure 
presented in US Patent 5,206,028. the entire disclosure of which is incorporated by 
reference herein. A porous matrix, having a thickness of 4 mm to 10 mm, is hydrated 
using a humklity controlled chamber, relative humidity of 80% at 2? for GO minutes. 
The moist collagen material is compressed between two TeBon sheets to a thickness 
of less than 0.2 mm. The compressed material is then cross-linked in a solution of 
0.5% fbnnaldehyde, 1% sodium bicarbonate at pH 8 to 60 minutes. The cross-linked 
men*rane is then raised thoroughly with water, then freeze dried ovemight under 
similar conditions as in Example 1 , except that the time for freeze drying is about 48 
hours. The dense collagen membrane has an inner construction of densely packed 
fibers that are intertwined in a multi-layer staicture. The collagen membrane allows 
diffusion of molecules of at least 10^ MW, but will not altow penetratton by fibroblasts. 
EXAMPLE 3: Utilization of Non-cell Seeded Matri x in Cartjlaoe Defects 

1. Prepare a surgically defined site, slightiy smaller than the size of 
the matrix implant. The depth should be approximately the same size of the collagen 
matrix/cell composite. The surgically prepared site should go through the subchondral 
plate (i.e., a bleeding bed). 



wo 96^310 rCT/US»6mi739 

8 

Z Sm an anchor, with two attached resorbable suture Ira 
center of the surgically prepared site (Figure 2^. There will be four fines available, one 
in each quadrant 

3. Attach a dertse oolagen membrane (pore structure less than one 
micrometer) onto the coOagen matrix, using resort>abie sutures such as Vicryl 7-0 
(Rgure 3). 

4. Place the template with the dense collagen membrane on the 
bottom or the surgically prepared site, securing It in place with the suture Ones by 
threading the suture Snes through the templata 

5. Place a protecting piece of tibial periosteum over the matrix. The 
periosteum must be oriented over the implant as follows. The camUum layer is 
oriented facing the implant (downward into the defecQ, and the fitxous layer faces the 
articular surface (upward into the joint space). PuO the suture fine through the 
periosteum, tie the sutures over top of the protecting sheet (Figure 4). 
EXAMPLE 4: Utilization of Cell-Seeded Matrix in Cartgaae Defects 

1. Obtain autologous sample of tissue containing cartilage or 
progenitor cells. 

2. Remove extracellular matrix from the tissue sample, then isolate 
ceils using standard methods. 

3. Expand cells in culture. 

4. The dense collagen membrane is attached to the collagen matrix 
with bioresorbable sutures, such as Vicryl 7-0. 

5. Add cells to the pore-defined collagen matrix, so that cells 
penetrate through the matrix. This can be done by laying the cell suspension over the 
matrix, then carefully applying a vacuum under the matrix. 

6. Culture the collagen template/cell composite for one week or 

more. 

7. Prepare a surgically defined site, slightly smaller than the size of 
the implant. The depth should be approximately the same size of the collagen 
template/cell composite. The surgically prepared site should go through the 
subchondral plate (i.e., a bleeding bed). 
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8. Set an anchor, with two attached resorbable suture Bnes. into the 
center of the surgically prepared site (Figure 2). There will be four lines available, one 
in each quadrant 

9. RaoB the cdtagentempiate/oefl composite onto the bottom of the 
surgically prepared site, with the derrse collagen memt)rane component in contact with 
the bottom, and thread the membrane with the »jture lines (Figure 3). 

10. Place a protecting sheet of either dear collagen, or a piece of 
ttotal periosteum over the matrix component of the template. The dear coilagm piece 
is an air dried film with a thickness of 50-200 micro me t ers , the film being made t>y 
drying a one percent collagen dispersion in a non-stick tray. If periosteum is used, it 
is oriented over the implant as follows: the cambium layer is oriented facing the 
implant (downward Into the deftet), and the fibrous layer faces the articular surface 
(upward into the joint space). Pull the suture Bne through the matrix and the collagen 
sheet or periosteum, tie the sutures over top of the protecting sheet (Figure 4). 

Without further elaboration the foregoing wll so fully iDustrate our 
invention that others may, lay applying current or future knowledge, adapt the same 
for use under various conditions of service. 
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The fbOowing pubBcations Involve some of the experiments i«ed in 
testing portions of the invention, without cfisdosing the multi-stage device. 

1. Grande, Vachon; Repair of Wuced osteochondral defects with 
a composite chondrocyte/cdiagen alograft in dogs. Transactions 
of the Combined Meeting of the Orthopaedic Research Societies 
of USA. JAPAN, and CANADA. October 21-23. 1991. Banff, 
Alberta 

2. Pachence. Frenkel, Lin: Development of a tissue analog for 
cartilage repair. bi: Tssue Inducing Biomaterials (Cima. Ron. eds.) 
Materials Research Society Press. Pittsburgh. 1991. 

3. Ahmad. Frenkel, Casar. and Alexander. A mechanical testing 
technique for articular cartilage; a study of intrfrisic repair, in: 
Advances in Bioengineering (Bidez. ed.) ASME. New York, pp 
245-251. 1991. 

4. Frenkel. Pachence, Alexanden Optimizatton of a cell-seeded 
coUagen implant for cartilage repair. Transactions of the Ortho- 
paedic Research Sodely 18:730. 1993. 

5. Toolan, Frenkel. Pachence. Yakwitz. Ahmad. Casar; In vitro 
characterizatkjn of a collagen chondrocyte composite matrix for 
cartilage repair. Transacttons of the Society for Btomaterials 
17:313. 1994. 

6. Toolan, Frenkel, Pachence. Yalowitz and Alexander: An analysis 
of a chondrocyte-collagen implant for cartilage repair. Journal of 
Bone and Joint Surgery, abstract in press. 

7. Frenkel. Pachence. Toolan, Menche, Pitman. Crawford, Stager; 
Evaluation of a novel two-layered collagen implant for articular 
cartilage repair in a rabbit model. Journal of Bone and Joint 
Surgery, abstract in press (to be presented at ttie Annual Meeting 
of the Orthopaedic Research Society. Orlando, 1995). 

Other referenced articles: 

8. Amiel, Coutts. Hanwood. Ishizue. and Kleiner: The Chondrogene- 
sis of Rib Periochondrial Grafts for Repair of FuU Thickenss 
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Artkrular Cartilage Defects in a Raisbit Model. Comective Ti^ 
Research 18:27-39 (1988). 

9. AUianasiou. Schmitz. Schenck. Ctem, Aufdermoite. Boyan: The 
Use of Biodegradable Implaits for Repairing Large Articular 
Cartilage Defects in the Rabbit Transactions of the 38lh Annual 
Meeting of the ORS. p. 172, (1982). 

10. Bentley, Smith and Mukerjhee, bolaled Epiphyseal Chondrocyte 
Allografts into Joint Jurfacss; An Experimental Study in Rabbits. 
Ana Rhe22um. Dis. 37;44»458 (1978). 

11. BiBings. von Schroeder. Mai, Aralow, Amiel, Woo. and Coults: 
Cartilage resurfacing of the rabbit Knee. Acta Orthop. Scand. 
61(3): 201-206 (1990). 

12. Convery. Akeson. teown; The Repair of Large Osteochondral 
Defects. CHnicai Orthopedics and Related Research 82:253-262 
(1972). 

13. Coutts. Yoshioka. Amiel, Hacker. Hanwood. and Monosov: 
Cartilage repair using a porous polylactic add matrix wrtth 
allogenek: perichonc^ cells. Transacttons of the 40th Annual 
Meeting of the ORS, 1994. 

14. Dahlberg and Kreict>ergs: Demineralized Alk)geneic Bone Matrix 
for Cartilage Repair. J. Orthop. Research 9:11-19 (1991). 

1 5. DePabna. Tsa-Hos. and Maalen Viabiity of Osteochondral Grafts 
as Determined by Uptake of S", J. Bone Joint Surg. 45A:1565- 
1578 (1963). 

16. Freed. Marquis. Itohria. Emmanual. Mikos and Langer: Neocarti- 
lage formation in vitro and in vivo using cells cultured on synthetic 
biodegradable polymers. Journal of Biomedical Materials Re- 
search 27:11-23 (1993). 

17. Grande. Pitman. Peterson, Menche and Wein: The repair of 
experimentally produced defects in rabbit articular cartilage by 
autologous chondrocyte transplantatton. Journal of Orthopedic 
Research 7:208-218 (1989). 
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18. Hogervorst Meqer and Kloppen The effect of a TCP-coDagen 
implant on the healing of articular cartilage defects in the rabbit 
knee jotnL Journal of Applied Biomaterials 3:251 -258 (1 992). 

19. Hoikka, Jaroma and Ritsila, Reconstruction of the PataBar 
Articulation with Periosteal Grafts, Acta Orthop. Acad. 61:36^ 
(1990). 

20. Homrronga, Bubtra. Bouwmeester and Van Der Linden; Perichon- 
dral Grafting for Cartilage Lesions of the Knee. The Journal of 
Bone and Joint Surgery 72:1003-1007 (1990). 

21 . Hunziker and Ftosenberg; Induction of repair in partial thickness 
articular cartilage lesions by timed release of TGFb. Transacttons 
of the 40th Annual Meeting of the ORS, 1994. 

22. Itay, Abramovid and Nevo; Use of cultured embryonal chick 
epiphyseal chondrocytes as grafts for defects in chick articular 
cartilage, ainical Orthopaedics and Related Research 220:294- 
303 (July 1987). 

23. Ktmura, Yasui. Ohsawa and Ono; Chondrocytes Embedded in 
Collagen Gels Maintain Cartilage Phenotype During Long-lean 
Cultures. CBnical Orthopaedte 186:231-239 (1984). 

24. Messner: Hydroxylapatite supported dacron plugs for repair of 
isolated full-thfckness detects of the ratAit femoral condyle. 
Transactions of the 40lh Annual Meeting of the ORS. 1994. 

25. Moran. Wm, Slater; Biological Resurfacing of Full-Thickenss 
Defects in Patellar Articular Cartilage of the Rabbit. Journal of 
Bone and Joint Surgery 74:659W (1992). 

26. Nixon. Sams. Minor; Long-term Survival and Neocartilage 
Maturation Following Extensive Articular Resurfacing With 
Chondrocyte Laden Collagen Scaffolds, Transactions of the 40th 
Annual Meeting of the ORS. 1994. 

27. Nixon. Sams. Lust Grande and Mohammed; Temporal Matrix 
Synthesis and Histological Features of a Chondrocyte-Laden 



PCT/DSMA1739 

13 

Porous Cdlagen Cartilage Analogue, American Journal of 
Veterinary Research 54:349^ (1993). 

28. Nfacon. Lust and Vemier-Singai Isolation, Propagation, and 
Cryopreseomtion of Equine Articular Chondrocytes. American 
Journal of Veterinary Research 53:2364-2370 (1992). 

29. Rich, Johnson, Zhou and Grande: ITie use of periosteal 
celj/polymer tissue constructs for the repair of articular cartilage 
defects. Transactions of the 40lh Annual Meeting of the ORS. 
1994. 

30. Robinson. Efrat. Mendes. Halporia Nevo; Implants composed of 
cartjon fiber mesh and bon»^na^^ow-derived chondrocyte- 
enriched cultures for jdnt surface reconstruction. Bulletin of the 
Hospital for Joint Diseases 53(1)1-8 (Spring 1993). 

31. von Schroder, Kwan, Amiel and Coutis: The Use of Pdylactic 
Add Matrix and Periosteal Grafts for the Reconstruction of Rabbit 
Knee ArticiJar Defects. Journal of Biomecfical Materials Research 
25:329-339 (1991). 

3Z Sokoloff: In Vitro CiJture dt Skeletal Tissues. Chapt. 1. in IbS 
.lointa and Synovial Ruid (Vol. 10 . edited by L Sokoloff (Academic 

Press, NY. 1978). pp. 1-27. 

33. Vachon.Mcllwraith. Powers. McFadden and D.Amlel:Morphok5gic 

and Biochemical Study of Stemal Cartilage Autografts for 
Resurfacing Induced Osteochondral Defects in Horses. American 
Journal of Veterinary Research 53:1039-1047 (1992). 

34. Wakitani. Wmura. Hirooka. Ochi. Yoneda. Yasui, Owaki, Ono; 
Repair of rabbit articular surfaces with allograft chondrocytes 
embedded in coMagen gel. British Journal of Bone and Joint 
Surgery 71-13:74-80 (1989). 

35. Wakitani. Ono, Goldberg and Capian; Repair of large cartilage 
defects in weight-bearing and partial weight-bearing articular 
surfaces with allograft articular chondrocytes embedded in 



wo 9604310 



PCT/US9M>1739 



14 



collagen geb. Transactions of the 40ih Annual Meeting of the 
ORS. 1994. 

38. Weadock. Olson. Silver. Evaluation of Collagen Crosslinking 
Techniques, Biomat. Med.Dev.An Org. 11:293^18(1983). 

RELATED REFERENCES 



US 4.458.678 

US 4.505.266 

US 4,846.835 
US 5,108,438 
US 5.041.138 

US5.053.0S0 
US 5.133.755 

US 5.206.023 

US 5.206.028 
Li) 

US 4.837.379 



WO 8907425 



EP 277678 



WO 8803785 



CeD Seeding Procedures Involving Fibrous Lattices (Yannas and 
Burke) 

CeB Seeding Procedures Involving Fibrous Lattices (Yannas and 
Burke) 

Techrvque for healing lesions in cartilage (Grande) 
ProsthettointenwtebraidiscadingasaregrwMhscaflbld (Stone) 
Formation of cartilage stwctures by attaching chondrocyte cells 
to biocompatible matrix In nutrient environment (Vacanti. et al.) 
Compositkjns for Repair of Cartilage and Bone (Itay) 
Method and Apparatus for Biodegradable Osteogenic Bone Graft 
Substitute Device (Brekto) 

Method and Compositions for the Treatment and Repair of 

Defects or Lesions in Caitaage (Hunziker) 

Dense Collagen Membrane Matrices for Medical Use (Shu-Tung 

Tissue equivalent comprising fibrin containing hydrated collagen 
lattk^e contracted with e.g.. fibroblasts, opt in multilayer fonn. 
useful as organ or tissue replacements (Weinberg) 
Medical use of amniotic cells or tissue for tissue regeneration, 
implant treatment, production of useful substances, detoxifteation 
of tjody fluids and skin or scalp treatment (Butler, ef a/.) 
Graft for reconstructive surgery comprises pref. biodegradable 
prods, organic polymer matrix with bimodal pore size distribution 
(Nijenhuis. et al.) 

Artificial matrix for controlled cell growth used for chimeric 
neomorphogenesis of organs by controlled cellular implantation 
(Vacanti & Langer) 



WO9M4310 



PCXrUSM01739 



15 

WO 8301384 Tissue generation at wounds by placing fibrous lattice in contact 
with wound and seeding lattice with ceils (Yannas & Burke) 



WO96a4310 PCr/US96«I739 

16 

We daim: 

1 . A template (12) for the repair of eartaage defects leading to the 
regeneration of hyaiine^e cartilage, the template ffh9r9CtgfB8d by: 

a) a fist layer comprising a dense collagen membrane (1 4) having 
a pore size of less than 1 m i aoiTieter which is cross-linked with 
a non-cytotoxic agent to increase strength and lengthen resorp- 
tion time, to provide a barrier against movement of cells from the 
subchondral plate (9), the membrane (14) being sufficiently 
pemteable to allow the passage therethrough of fluids, nutrients, 
cytokines, and other endogenous factors necessary fbr healing; 
and 

b) a second layer secured to the first layer and comprising a porous 
collagen matrix (13) hawing pore size of 50 to 200 mfcrometers, 
which pemnlts the ingrowth of ceDs. 

Z The template (12) of daim 1 further fihffWWteWltyY autologous 
pertoslBum (15) placed on top of the collagen matrix (13) and the matrix is initially 
devoid of eels. 

3. The template (12) of dam 1 further characterized bv a collagen 
film placed on top of the collagen matrix and the matrix (13) is initially devoid of cells. 

4. The template (1 2) of claim 1 further characterized bv chondrocyte 
cells (6) cultured ex vivo with the porous collagen matrix (13) so that the chondrocytes 
(6) permeate the collagen matrix (13). 

5. The template (1 2) of daim 4 further characterized bv comprising 
a piece of autologous periosteum (15) placed on top of the collagen matrix (13) 
containing the chondrocyte cells. 

6. The template (12) of daim 4 further characterized bv a collagen 
film placed on top of the collagen matrix containing the chondrocyte cells. 

7. The template (12) of daim 1 characterized in that the dense 
collagen membrane is attached to the collagen matrix using a resorbable suture. 
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8. The template (12) of daim 1 chafaeterized In that the dense 
collagen membrane is incorporated into the collagen matrix during formation of the 
matrix. 

9. The template (12) of daim 1 characterized in that the dense 
collagen membrane has a thickness in the range of 50 to 200 micrometers. 

10. The template (1^ of daim 1 t;^aracten2B(i In that the porous 
ooBagen matrix has a thickness in the range of 0.5 to 8 mflBmeters. 

11. A method of attaching the template (12) of daim 1 into place in 

a wound site in a living being, said method tfiW^e^^d by the steps of: 

a) securing anchoring sutures (10) Ihnaugh a subchondral plats (9) 
Into bony tissue (3). with a pluraily of suture rmes (10) emerging 
therefrom; and 

b) utilizing the anchored suture lines (1(?) to secure the temptets (12) 
to the wound site (14). 

12. The method of daim 11 fwther characterized bv the step of 
selecting the plurelity of suture Snes (10) to be two to four in number. 

ia The method of daim 11 further dJSQSIidZSdJaf the steps of: 

a) selecting the template (12) to additionally comprise autologous 
periosteum (15) placed on top of the collagen matrix (1 3) and the 

matrix (13) is initially devoid of ceOs; and 

b) utilizing the method to attach the periosteum (15), collagen matrix 

(13) and dense collagen membrane (14) to the wound site. 

14. The method of daim 11 further ^araeterized bv the steps of: 

a) selecting the template (1^ to additionally comprise collagen film 

(14) placed on top of the cdlegen matrix (13) and the collagen 
matrix (13) is Initially devoid of cells: 

b) attaching the collagen film, collagen matrix (13) and dense 
collagen membrane (14) to the wound site by the method. 

15. The method of daim 11 further nharactarized bv the steps of: 

a) selecting the template (12) to comprise periosteum (15). collagen 
matrix (13) with cells and dense collagen membrane (14); and 

b) the method is utilized to secure the material to the wound site. 



WO9M4310 



PCr/USW01739 



18 

16. Ibe method of daim 11 hjrthar characterized bv the steps of: 

a) selecting the template (1^ to comprise collagen film, collagen 
matrix (13) with ceils and dense collagen membrane (14); and 

b) the method is utiBzed to secure the template (12) to the wound 

site. 
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